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RESEARCH MEMORANDUM

AERODYNAMIC CHARACTERISTICS OF TWO FLAT-BOTTOMED
BODIES AT MACH NUMBER OF 3.12

By John R. Jack and Barry Mosgkowitz

SUMMARY

The aerodynamic characteristics of two flat-bottomed bodles heving
a semicircular and a semielliptical cross sectlon have been determined
at a Mach number of 3.12 for a range of angles of attack from -10° to
10° and for Reynolds numbers of 8x108 and 14x10% (based on model length).

A comparison of the flat-bottomed body characteristics with those
previously determined for a corresponding cone-cylinder body of revolutlon
shows that significant lucreases in 1ift and lift-drag ratio are obtained
with a flat bottom. Additional improvement in 1ift and 1ift-drag ratioc
was achieved at positive angles of attack by expanding the plan form in
the spanwise direction.

INTRODUCTION

~ Possible varlations in missile body designs to achleve greater 1ift
and better over-all 1lift-drag ratios are of considereble interest. Re-
cent experimental investigations (see refs. 1 and 2) indicate that the
1ift-drag ratio of a blunt-based body of revolution may be increased
both by increasing the afterbody length snd by incressing the nose fine-
ness ratio. Senger (ref. 3) first proposed the use of flat-bottomed
bodies to increase the 1ift and 1ift-drag ratio of missile configurations.
Results of two investigetlons of flat-bottomed bodies at a Mach number
of 6.9 are presented in reference 4, and the aforementioned
possibilities of flat-bottomed bodles have heen verified st hypersonic
speeds. The question immediately arises, however, as to their effective-
ness and behavior in the supersonic speed range.

This report presents the results of an investigstion in the NACA
Lewls 1~ by 1l-foot supersonic wind tunnel of two flat-bottomed bodies
to determine thelr aerodynamic characteristics at a Mach number of 3.12.
These characteristics are compared with those previously determined
(ref. 5) for a cone-cylinder body of revolution to esteblish the effec-
tiveness of flat-bottomed bodies &t supersonic velocities.
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APPARATUS AND PROCEDURE
Wind Tunnel

The tests were conducted in the Lewis 1- by l-foot supersonic wind
tunnel which is a continuous-flow, nonreturn, variable pressure wind
tunnel operating at a Mach number of 3.12. Inlet pressures may be veried
from 6 to 52 pounds per square inch at a stagnation temperature of
approximagely 60° F, giving a free-stream Reynolds number variation of
1 to 8x10° per foot. The specific humldity of the inlet air was suffil-
ciently low (sbout 2x10~° pound water per pound dry alr) to minimize the
effecte of condensation.

Models

The pertinent dimensions of the test configurations are shown in
figure 1. The basic model for comparison (model A of fig. 1) is a cone-
cylinder body of revolution 12 diameters long having & 4° 46' conical
half-angle and & nose 6 diameters long. Models B and C have basic
dimensions identical to model A; however, thelr cross-sectional areas
are semlcircular and semlelliliptical, respectively. The cross-sectlional
area of the semielliptical body ls twice that of the semicircular body
and equal to that of the cone-cylinder body of revolution. In choosing
the cross-sectlonel shapes no consideration was glven to the utilization
of the enclosed volume of the flat-bottomed bodles for a pay load.

Messurements

Forces were obtained for an angle of attack range of -10° to 10° by
means of an internally mounted three-component strain-gage balance.
Unfortunately, however, the sensitivity of the belance system was such
that the axlal loads for Reynolds number Re = 2x106 (based on body
length) were generally of the same order of magnitude as the accuracy
of the balance system; hence the data for Re = 2x106 are not presented.
The estimated errors in the experimentally determined force coefficients
(based on frontal area) are believed to be as follows for Re = 14x106:

Force coefficilent |Estimated error

Drag +0.01
Lift +.03
Moment +.01

2 1né
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Model base pressures were obtained by means of an orifice located
in the balance chamber Jjust inside the base of the model. These base
pressures were used to correct the measured axial forces to the condition
of zero base drag; hence, all force coefficients apply to the forebody
(body forward of the base).

RESULTS AND DISCUSSION

The variation of the experimental drag and 1ift coefficients (based
on frontal area) and the lift-drag ratio for models A, B, and C are pre-
sented in figures 2, 3, and 4, respectively, for Reynolds numbers of
8x10° and 14x106. As indicated in figures 3, 4, and 5, the effect of
changing the Reynolds number from 8x106 to 14x108 is quite small; how-
ever, on the basis of past experience and the experimental data obtained
et Re = 2%105, the dreg is probebly affected considerably at the lower
Reynolds numbers (see, for example, ref. 5 from which the cone-cylinder
data were obtained). Both flat-bottomed bodies have drag and 1ift
coefficients higher than those for the cone-cylinder body of revolution
at corresponding angles of attack. The drag coefficients are nearly
symmetrical with respect to angle of attack and the 1ift coefficilents
are nearly antlisymmetrical. A comparison of the lift-drag ratios of
the three models shows that in spite of experiencing the largest drag,
the semielliptical model has the lergest lift-drag ratio at positive
angles of attack. The coumbined devietions from a body of revolution
incorporated in model C, that 1s, flattening the bottom and increasing
the width of the plan form, netted a meximum lift-drag ratio at 6°
engle of attack 1.85 times that of the cone-cylinder body of revolution
et this angle of attack. However, for a given 1ift coefficient, the
lift-drag ratios are approximately equal. At negative angles of attack,
model B (semicircular) appears to be maximizing at & larger value than
model C (semielliptical) and at a higher angle of attack.

The fact that the semlielliptical body possesses the highest maximum
lift-drag ratio testifies to the desiraebility of expanding the plan form
of the flat-bottomed bodies in the spanwise direction. Tt must be borne
in mind, however, that expanding the plan form in the spanwise direction
has increased both the aspect ratio of the cross section and also the
aspect ratio of the plan form, so that the parameter affecting the 1ift-
dreg ratio has not been definitely established.

The varlation of the center of pressure locations with angle of
attack is presented In figure 5. Here agein the effect of Reynolds
number is not noticeable. Both flat-bottomed bodies, however, have
approximately the same center of pressure location over the angle of
attack range investigated.
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CONCLUSIONS

The serodynamic characteristics of a semicircular and a semiellip-
tical cone-cylinder body have been obtalned at a free-stream Mach number
of 3.12 and for Reynolds numbers of 8x10° and 14x106. An analysis of
the results may be summarized as follows:

1. Flat-bottomed bodies provide large gains in both 1ift and 1ift-
dreg ratio as compared with a corresponding body of revolution.

2. An edditionsl increase in 1ift and lift-drag ratio was obtained
at positive angies of attack by expanding the plan form in the spanwlise
direction.

3. With respect to angle of attack, the drag coefficlents are nearly
symmetrical and the 1lift coefficlents are nearly sntisymmetrical.

4. Changlng the Reynolds number fram 8x10% to 14x10% had 1little
effect on the serodynemic charscteristics.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Chio, December 16, 1953
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(b) Model B; semicircular cone-cylinder body.
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(c) Model C; semielliptical cone-cylinder body.

Figure 1. - Pertinent dimensions of test configurations.
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Figure 2. - Variation with angle of attack of forebody drag coefficient
for Reynolds numbers of 8X108 and 14x105.
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Forebody lift coefficlent
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Pigure 3. ~ Variation with angle of attack of forebody lift coeffleclent

for Reynolds numbers of 8X106 and 14X106.
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Forebody lift-drag ratio
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Figure 4. - Variation with angle of attack of forebody lift-drag ratio
for Reynolds numbers of 8%108 and 14x105.
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Figure 5. - Variation with angle of attack of center of pressure (percent
of model length upstream of model base} for Reynolds numbers of 8x108

and 14x106.
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